Lunar Background

During the last decade research has been conducted on the lunar South
Pole. However, what makes such a location viable and so important? The most
important aspect to consider is that the lunar South Pole favors thermal and
solar energy conditions primarily because it is near constant sunlight. Thus
such a location is critical for a continuous operation of a solar power system.

The rim of Shackleton crater is a potential high-illumination site and
has been determined using radar DEM to have the most illumination at the
South Pole. However since Shackleton has been shaded from the sun for a
prolonged time, it is believed to have served as a “cold trap”, thus preserving
volatiles.

Because of its strategic location to both permanent light and permanent
darkness, this location can provide a future colony with both energy and
preserved resources. Since the rim of Shackleton crater is exposed to light for
more than eighty percent of the time, it is considered location for the
deployment of solar array. The figure below contains Lunar Reconnaissance
Orbiter (LRO) data that reinforces this point (yellow spots are spots of near-
constant sunlight). Likewise, Shackleton crater is in constant view of the earth
and so minimizing loss of communication.

Optimization

To optimize the colony, multiple configurations for the colony

Optimization Model for a Future
Lunar Colony

Abstract:

The objective of this project is to develop an optimization
model for lunar colonization that would account for current
technology as well as emerging technology. The model uses the
returns from the mission to compute an efficiency of the colony
as well as other useful statistics to compare the different
configurations. To aid in the evaluation of the financial, scientific,
and future mission infrastructure returns the lunar colony’s
objectives were broken down into six parts. Once completed, the
missions were compared on the revenue, cost, scientific return,
and future mission savings to calculate a mission cost-time ratio
and mission efficiency:.

were compared to each other as well as to the Constellation program.
Constellation was chosen because of it s prior NASA focus and
objective to help NASA create a more permanent lunar presence. Each

configuration was evaluated based on its financial and scientific return as
well as the future mission savings. The configurations varied by crew

expanston rate, flight vehicle ratios (lift:transit:landing), and number of
units of each component sent to the lunar surface. This in turn varied
the missions financial return, scientific return, and future mission
savings. Overall, twenty configurations were compared as well as the
Constellation program. The primary evaluations were carried out using

the following formulas:
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Lunar Objectives . e

Repa= Actual Mission Cost Time Ratio (Cy,/T,)

Maximum illumination sites (South Pole)

Colony Parameters

°Location: Rim of Shackleton Crater Repp = Ideal Mission Cost Time Ratio (Ey/Tp*24)

*Initial Size: 4 personnel
*Maximum Size: 28 personnel
*Electrical Power: Solar photovoltaic
Arrays with battery back-up
*Earth-Moon Transport: Reusable
Light Earth-LEO Lift Vehicle,
Expendable Heavy Earth-LEO Lift
Vehicle, Reusable LEO-LLO Transit
Vehicle, Reusable LLO-Moon Lander

Sustainability

Habitat Atmosphere
Methods for maintaining oxygen levels
Initial method: Carbon Scrubbers
Leaning towards = Self-Sustaining colony: Agriculture
Lunar Agriculture

G eology:

Obtaining lunar history, topology as well as
mapping of minerals, rare elements, and water.

N ;= Mission Efficiency

k, = Scientific Return

Gnomonic Y (km)

A Cy= Mission Cost
stronomy: . . .

5_7 . . . Using these parameters, the final optimized design was a system that
Radio, optical and ultra-violet mapping of the utilized a 2-year crew expansion rate, 1 of each flight vehicle in a 1:1:1

universe beyond the Moon. Less interference on the flioht vehicle ratio, and 1 robotic vehicle
: .

Moon means clearer mapping,

Gnomonic X (km)

Agriculture:

Basic y=arctan(x)/nt+1/2 curve
where the model gets its rough shape

Optimization Basic Model

Implementation of agriculture towards a self-
and behavior. The red area contains

sustaining colony. Excess crops would be used for future missions that are between 0% and

missions beyond the Moon.
Mining:

Using the data from the geological research of

1t 50% eftticient; the green area contains

| missions between 50% and 100%

efficient. The range of the function is
0 to 1 (0% to 100%) exclusive, and is
defined for all real values of x.

the Moon to extract rare elements, water and minerals.
This includes Helium-3, an element useful in the
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The inflatable habitat design had a few significant advantages over its competitors. It can be designed for multiple environments,
so that it could be useful on Mars or the surface of an asteroid as well as the Moon. It’ s compact, which allows it to be transported easily.
Since the assumed habitat structure was assumed to have modular interior components and exterior sockets, deployment 1s as easy as
inflating the habitat and placing the components inside and out. The fixed location allows for near-constant solar power for the base and

constant communication with the Earth. Radiation and micrometeorite protection is also straight-forward. By using the regolith to
make a shield over the habitat radiation and micrometeorites are stopped before they get to the astronauts.

architecture after 30 years.

C1: Add 4 crew members every 2 years, then continue working for 30 years. Private Research 1s
possible in this architecture after 12 years.

C2: Add 4 crew members every 4 years, then continue working for 30 years focusing on
Agriculture. Private Research is possible after 24 years in this architecture.

C3: Add 4 crew members every 4 years, then continue working for 30 years focusing on Mining.
Private Research possible after 24 years in this architecture.
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